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(54) ANTENNA ARRAY

(67)  An antenna array includes a ground conductor
portion, a first antenna and a second antenna. The
ground conductor portion has a first edge and a second
edge. The first antenna has a first no-ground radiating
area and a first feeding conductor portion. The second
antenna has a second no-ground radiating area and a
second feeding conductor portion. The first no-ground
radiating area is formed and surrounded by afirst ground-
ing conductor structure, a second grounding conductor
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structure, and the first edge, and the first no-ground ra-
diating area has a first breach. The second no-ground
radiating area is formed and surrounded by a third
grounding conductor structure, a fourth grounding con-
ductor structure, and the second edge, and the second
no-ground radiating area has a second breach. The first
and second feeding conductor portions are respectively
and electrically connected to a first signal source and a
second signal source.

Fig. 1
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Description

TECHNICAL FIELD

[0001] The disclosure relates to an antenna array de-
sign.

BACKGROUND

[0002] With advances in communication technology,

more and more communication function could be imple-
mented and integrated into a single portable communi-
cation device. The current systems which could be inte-
grated into the portable communication device includes
Wireless Wide Area Network (WWAN) System, Long
Term Evolution (LTE) System, Wireless Personal Net-
work (WLPN) System, Wireless Local Area Network
(WLAN) System, Near Field Communication (NFC) Sys-
tem, Digital Television Broadcasting System (DTV), Glo-
bal Positioning System (GPS), and other wireless appli-
cations.

[0003] The rising demand for signal quality, reliability
and transmission rate of wireless communication system
causes rapid development in multi-antenna systems
technology. For example, Multi-Input Multi-Output (MI-
MO) Antenna System, Pattern Switchable Antenna Sys-
tem, Beam-Steering/Beam-Forming Antenna System,
etc. However, in a multi-antenna system, the envelope
correlation coefficient (ECC) between multiple antennas
increases when the multiple antennas operating in the
same frequency band are jointly designed in a handheld
communication device with limited available antenna
space. Increasing envelope correlation coefficient (ECC)
causes attenuation of the antenna radiation characteris-
tics, this thereby causes decreased data transmission
rate and increased technical difficulties and challenges
with the multi-antenna integrated design.

[0004] Part of the literature in the prior art proposes a
design approach that involves designing protruding or
slit structures on the ground area between multiple an-
tennas to serve as an energy isolator, so as to enhance
energy isolation between multiple antennas. However
the above design approach would lead to the triggering
of additional coupling current on the ground area and
thereby increases the envelope correlation coefficient
(ECC) between multiple antennas.

[0005] Inorderto address the above issue, the present
disclosure provides a multiple antenna array design ap-
proach with a low envelope correlation coefficient (ECC)
to satisfy the practical demands of a future high data
transmission rate multi-antenna system.

SUMMARY

[0006] Exemplary embodiments of the present disclo-
sure disclose a multiple antenna array design. The above
technical issue could be solved according to some ex-
emplary embodiments and data transmission rate could
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be enhanced.

[0007] An embodiment of the present disclosure pro-
vides an antenna array. The antenna array comprises a
ground conductor portion, a first antenna, and a second
antenna. The ground conductor portion has at least one
first edge and a second edge. The first antenna compris-
es a first no-ground radiating area and a first feeding
conductor portion. The first no-ground radiating area is
formed and surrounded by a first grounding conductor
structure, a second grounding conductor structure, and
the first edge, wherein the first grounding conductor
structure and the second grounding conductor structure
are electrically connected to the ground conductor por-
tion and adjacent to the first edge; and wherein a first
coupling distance is formed between the first grounding
conductor structure and the second grounding conductor
structure such that the first no-ground radiating area has
a first breach. The first feeding conductor portion has a
first coupling conductor structure and a first signal feed-
ing conductor line, wherein the first coupling conductor
structure is located in the first no-ground radiating area,
the first coupling conductor structure is electrically cou-
pled to or connected to a first signal source through the
first signal feeding conductor line, and the first signal
source excites the first antenna to generate at least one
first resonant mode. The second antenna comprises a
second no-ground radiating area and a second feeding
conductor portion. The second no-ground radiating area
is formed and surrounded by a third grounding conductor
structure, a fourth grounding conductor structure, and
the second edge, wherein the third grounding conductor
structure and the fourth grounding conductor structure
are electrically connected to the ground conductor por-
tion and adjacent to the second edge; and wherein a
second coupling distance is formed between the third
grounding conductor structure and the fourth grounding
conductor structure such that the second no-ground ra-
diating area has a second breach. The second feeding
conductor portion has a second coupling conductor struc-
ture and a second signal feeding conductor line, wherein
the second coupling conductor structure is located in the
second no-ground radiating area, the second coupling
conductor structure is electrically coupled to or connect-
ed to a second signal source through the second signal
feeding conductor line, the second signal source excites
the second antenna to generate at least one second res-
onant mode, and the first resonant mode and the second
resonant mode cover at least one common communica-
tion system band.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The present disclosure can be more fully un-
derstood by reading the subsequent detailed description

and examples with references made to the accompany-
ing drawings, wherein:

Fig. 1 shows a structural diagram of an antenna array
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1 according to an embodiment of the present disclo-
sure.

Fig. 2 shows a structural diagram of an antenna array
2 according to an embodiment of the present disclo-
sure.

Fig. 3A shows a structural diagram of an antenna
array 3 according to an embodiment of the present
disclosure.

Fig. 3B shows a graph of measured return loss of
the antenna array 3 according to an embodiment of
the present disclosure.

Fig. 3C shows a graph of measured radiation effi-
ciency of the antenna array 3 according to an em-
bodiment of the present disclosure.

Fig. 3D shows a graph of measured envelope cor-
relation coefficient (ECC) of the antenna array 3 ac-
cording to an embodiment of the present disclosure.
Fig. 4 shows a structural diagram of an antenna array
4 according to an embodiment of the present disclo-
sure.

Fig. 5A shows a structural diagram for simultaneous-
ly implementing disclosed antenna array 1 and dis-
closed antenna array 2.

Fig. 5B shows a structural diagram for simultaneous-
ly implementing two disclosed antenna arrays 1.
Fig. 6 shows a structural diagram of an antenna array
6 according to an embodiment of the present disclo-
sure.

Fig. 7 shows a structural diagram of an antenna array
7 according to an embodiment of the present disclo-
sure.

Fig. 8A shows a structural diagram of an antenna
array 8 according to an embodiment of the present
disclosure.

Fig. 8B shows a graph of measured return loss of
the antenna array 8 according to an embodiment of
the present disclosure.

Fig. 8C shows a graph of measured radiation effi-
ciency of the antenna array 8 according to an em-
bodiment of the present disclosure.

Fig. 8D shows a graph of measured envelope cor-
relation coefficient (ECC) measurement of the an-
tenna array 8 according to an embodiment of the
present disclosure.

Fig. 9 shows a structural diagram for simultaneously
implementing two disclosed antenna arrays 7.

DESCRIPTION OF THE EMBODIMENTS

[0009] The present disclosure provides an exemplary
embodiment of an antenna array. Antennas of the anten-
na array is firstly designed specific grounding conductor
structures to form a no-ground radiating area, and to ef-
fectively trigger the no-ground radiating area to generate
radiating energy by designing a feeding conductor por-
tion. In this way, the excited current would be mainly con-
strained around the no-ground radiating area. Thereby
the correlation coefficient between multiple antennas
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could be effectively reduced. Besides, the no-ground ra-
diating area of the present disclosure is designed to have
a breach. The impedance matching level of a resonant
mode generated by the antennas could be improved by
adjusting the coupling distance of the breach and the
area of the no-ground radiating area. In addition, adjust-
ing the coupling distance of the breach and adjusting the
distances between the breach and the breaches of other
adjacent no-ground radiating areas could guide the an-
tenna radiation pattern and thereby reduce the energy
coupling level between the antenna and adjacent anten-
nas. Adjusting the distance between breaches of adja-
cent no-ground radiating areas could effectively reduce
the required width of the no-ground radiating area and
thereby reduce the quality factor of the antenna array to
enhance the antenna radiation characteristics.

[0010] Fig. 1 shows a structural diagram of an antenna
array 1 according to an embodiment of the present dis-
closure. The antenna array 1 comprises a ground con-
ductor portion 11, a first antenna 12, and a second an-
tenna 13. The ground conductor portion 11 has at least
one first edge 111 and a second edge 112. The first an-
tenna 12 comprises a first no-ground radiating area 121
and a first feeding conductor portion 122. The first no-
ground radiating area 121 is formed and surrounded by
a first grounding conductor structure 1211, a second
grounding conductor structure 1212 and the first edge
111. The width of the first edge 111 is w1. A first coupling
distance d1 is formed between the first grounding con-
ductor structure 1211 and the second grounding conduc-
tor structure 1212 such that the first no-ground radiating
area 121 has a first breach 1213. The first feeding con-
ductor portion 122 has afirst coupling conductor structure
1221 and a first signal feeding conductor line 1222. The
first coupling conductor structure 1221 is located in the
first no-ground radiating area 121, the first coupling con-
ductor structure 1221 is electrically coupled to or con-
nected to a first signal source 1223 through the first signal
feeding conductor line 1222, and the first signal source
1223 excites the firstantenna 12 to generate at least one
first resonant mode. The second antenna 13 comprises
a second no-ground radiating area 131 and a second
feeding conductor portion 132. The second no-ground
radiating area 131 is formed and surrounded by a third
grounding conductor structure 1311, a fourth grounding
conductor structure 1312 and the second edge 112. The
width of the second edge 112 is w2. A second coupling
distance d2 is formed between the third grounding con-
ductor structure 1311 and the fourth grounding conductor
structure 1312 such that the second no-ground radiating
area 131 has a second breach 1313. The second feeding
conductor portion 132 has a second coupling conductor
structure 1321 and a second signal feeding conductor
line 1322. The second coupling conductor structure 1321
is located in the second no-ground radiating area 131.
The second coupling conductor structure 1321 is electri-
cally coupled to or connected to a second signal source
1323 through the second signal feeding conductor line
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1322. The second signal source 1323 excites the second
antenna 13 to generate at least one second resonant
mode, and the first resonant mode and the second res-
onant mode cover at least one common communication
system band.

[0011] The first antenna 12 and the second antenna
13 of the antenna array 1 is designed to have a specific
grounding conductor structures to form the first no-
ground radiating area 121 and the second no-ground ra-
diatingarea 131, and effectively excite the first no-ground
radiating area 121 and the second no-ground radiating
area 131 to generate radiating energy by designing the
first feeding conductor portion 122 and the second feed-
ing conductor portion 132. In this way, the excited current
would be mainly constrained around the first no-ground
radiating area 121 and the second no-ground radiating
area 131. Thereby the correlation coefficient between
the first antenna 12 and the second antenna 13 could be
effectively reduced to enhance the antenna radiation ef-
ficiency. The first no-ground radiating area 121 and the
second no-ground radiating area 131 designed by the
antenna array 1 respectively have the first breach 1213
and the second breach 1313. The impedance matching
level of resonant modes excited by the first antenna 12
and the second antenna 13 could be improved by adjust-
ing the first coupling distance d1 and the second coupling
distance d2 and the areas of the first no-ground radiating
area 121 and the second no-ground radiating area 131.
The areas of the first no-ground radiating area 121 and
the second no-ground radiating area 131 are both less
than the square of 0.19 wavelength ((0.191)2) of the low-
est operating frequency of the at least one common com-
munication system band covered by the first antenna 12
and the second antenna 13. The first coupling distance
d1 and the second coupling distance d2 are both less
than or equal to 0.059 wavelength of the lowest operating
frequency of the at least one common communication
system band covered by the first antenna 12 and the
second antenna 13.

[0012] The antenna array 1 adjusts the distance d3
between the center position of the first breach 1213 and
the center position of the second breach 1313 which
could effectively reduce the required width w1 and width
w2 of the first edge 111 and the second edge 112 and
thereby reduce the quality factor of the antenna array to
enhance the antenna radiation characteristics. The re-
quired width w1 and width w2 of the first edge 111 and
the second edge 112 are both less than or equal to 0.21
wavelength of the lowest operating frequency of the at
least one common communication system band covered
by the first antenna 12 and the second antenna 13. In
addition, the antenna array 1 could guide the antenna
radiation pattern by adjusting the coupling distances d1
and d2 and adjusting the distance d3 between the center
position of the first breach 1213 and the center position
of the second breach 1313, and thereby reduce the en-
ergy coupling level between the first antenna 12 and the
second antenna 13. The distance d3 between the center
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position of the first breach 1213 and the center position
of the second breach 1313 is between 0.09 wavelength
and 0.46 wavelength of the lowest operating frequency
of the at least one common communication system band
covered by the first antenna 12 and the second antenna
13.

[0013] Fig. 2 shows a structural diagram of an antenna
array 2 according to an embodiment of the present dis-
closure. As shown in Fig. 2, the antenna array 2 com-
prises a ground conductor portion 21, a first antenna 22,
and a second antenna 23. The ground conductor portion
21 has at least one first edge 211 and a second edge
212. The first antenna 22 comprises a first no-ground
radiating area 221 and a first feeding conductor portion
222. Thefirst no-ground radiating area 221 is formed and
surrounded by a first grounding conductor structure
2211, a second grounding conductor structure 2212 and
the first edge 211. The width of the first edge 211 is w1.
The firstgrounding conductor structure 2211 and the sec-
ond grounding conductor structure 2212 are electrically
connected to the ground conductor portion 21 and adja-
cent to the first edge 211. A first coupling distance d1 is
formed between the first grounding conductor structure
2211 and the second grounding conductor structure 2212
such that the first no-ground radiating area 221 has a
first breach 2213. The first feeding conductor portion 222
has a first coupling conductor structure 2221 and a first
signal feeding conductor line 2222. The first coupling
conductor structure 2221 is located in the first no-ground
radiating area 221, the first coupling conductor structure
2221 is electrically coupled to or connected to a first sig-
nal source 2223 through the first signal feeding conductor
line 2222, and the first signal source 2223 excites the
first antenna 22 to generate at least one first resonant
mode. The second antenna 23 comprises a second no-
ground radiating area 231 and a second feeding conduc-
tor portion 232. The second no-ground radiating area 231
is formed and surrounded by a third grounding conductor
structure 2311, a fourth grounding conductor structure
2312 and the second edge 212. The width of the second
edge 212 is w2. The third grounding conductor structure
2311 and the fourth grounding conductor structure 2312
are electrically connected to the ground conductor por-
tion 21 and adjacent to the second edge 212. A second
coupling distance d2 is formed between the third ground-
ing conductor structure 2311 and the fourth grounding
conductor structure 2312 such that the second no-ground
radiating area 231 has a second breach 2313. The sec-
ond feeding conductor portion 232 has a second coupling
conductor structure 2321 and a second signal feeding
conductor line 2322. The second coupling conductor
structure 2321 is located in the second no-ground radi-
ating area 231. The second coupling conductor structure
2321 is electrically coupled to or connected to a second
signal source 2323 through the second signal feeding
conductor line 2322. The second signal source 2323 ex-
cites the second antenna 23 to generate at least one
second resonant mode, and the first resonant mode and
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the second resonant mode cover at least one common
communication system band.

[0014] The first antenna 22 and the second antenna
23 of the antenna array 2 is designed to have specific
grounding conductor structures to form the first no-
ground radiating area 221 and the second no-ground ra-
diating area 231, and to effectively trigger the first no-
ground radiating area 221 and the second no-ground ra-
diating area 231 to generate radiating energy by design-
ing the first feeding conductor portion 222 and the second
feeding conductor portion 232. In this way, the triggered
current would be mainly constrained around the first no-
ground radiating area 221 and the second no-ground ra-
diating area 231. Thereby the correlation coefficient be-
tween the first antenna 22 and the second antenna 23
could be effectively reduced to enhance the antenna ra-
diation efficiency. The first no-ground radiating area 221
and the second no-ground radiating area 231 designed
by the antenna array 2 respectively have the first breach
2213 and the second breach 2313. The impedance
matching of resonant modes triggered by the first anten-
na 22 and the second antenna 23 could be improved by
adjusting the first coupling distance d1 and the second
coupling distance d2 and the areas of the first no-ground
radiating area 221 and the second no-ground radiating
area 231. The areas of the first no-ground radiating area
221 and the second no-ground radiating area 231 are
both less than the square of 0.19 wavelength ((0.191)2)
of the lowest operating frequency of the atleast one com-
mon communication system band covered by the first
antenna 22 and the second antenna 23. The first coupling
distance d1 and the second coupling distance d2 are
both less than or equal to 0.059 wavelength of the lowest
operating frequency of the at least one common commu-
nication system band covered by the first antenna 22 and
the second antenna 23.

[0015] The antenna array 2 adjusts the distance d3
between the center position of the first breach 2213 and
the center position of the second breach 2313 which
could effectively reduce the required width w1 and width
w2 of the first edge 211 and the second edge 212 and
thereby reduce the quality factor of the antenna array to
enhance the antenna radiation characteristics. The re-
quired width w1 and width w2 of the first edge 211 and
the second edge 212 are both less than or equal to 0.21
wavelength of the lowest operating frequency of the at
least one common communication system band covered
by the first antenna 22 and the second antenna 23. In
addition, the antenna array 2 could guide the antenna
radiation pattern by adjusting the coupling distances d1
and d2 and adjusting the distance d3 between the center
position of the first breach 2213 and the center position
of the second breach 2313, and thereby reduce the en-
ergy coupling level between the first antenna 22 and the
second antenna 23. The distance d3 between the center
position of the first breach 2213 and the center position
of the second breach 2313 is between 0.09 wavelength
and 0.46 wavelength of the lowest operating frequency
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of the at least one common communication system band
covered by the first antenna 22 and the second antenna
23.

[0016] Compared to the antenna array 1, although the
shapes ofthefirstand second grounding conductor struc-
tures 2211, 2212 and the third and fourth grounding con-
ductor structures 2311, 2312 of the antenna array 2 are
different from the antenna array 1, and the first and sec-
ond feeding conductor portion 222, 232 of the antenna
array 2 are also different from the antenna array 1, the
antenna array 2 still forms the first no-ground radiating
area 221 and the second no-ground radiating area 231
by designing specific grounding conductor structures.
The antenna array 2 also respectively and effectively ex-
cites the first no-ground radiating area 221 and the sec-
ond no-ground radiating area 231 to generate radiating
energy by designing the first feeding conductor portion
222 and the second feeding conductor portion 232. The
antenna array 2 also improves the impedance matching
of resonant modes generated by the first antenna 22 and
the second antenna 23 by adjusting the first coupling
distance d1 and the second coupling distance d2 and the
areas of the first no-ground radiating area 221 and the
second no-ground radiating area 231. The antenna array
2 also adjusts the distance d3 between the center position
of the first breach 2213 and the center position of the
second breach 2313 to reduce the width w1 of the first
edge 211 and the width w2 of the second edge 212. The
antenna array 2 also guides the antenna radiating pattern
to reduce the energy coupling level between the first an-
tenna 12 and the second antenna 13. Therefore the an-
tenna array 2 could achieve radiation characteristics that
are similar to those of the first antenna array 1.

[0017] Fig. 3A shows a structural diagram of an anten-
na array 3 according to an embodiment of the present
disclosure. As shown in Fig. 3A, the antenna array 3 is
disposed on a substrate 34 and comprises a ground con-
ductor portion 31, a first antenna 32, and a second an-
tenna 33. The substrate 34 could be a system circuit
board, a printed circuit board or a flexible printed circuit
board of a communication device. The ground conductor
portion 31 is located on the back surface of the substrate
34, and has at least one first edge 311 and a second
edge 312. The first antenna 32 comprises a first no-
ground radiating area 321 and a first feeding conductor
portion 322. The first no-ground radiating area 321 is
formed and surrounded by a first grounding conductor
structure 3211, a second grounding conductor structure
3212 and the first edge 311. The width of the first edge
311 is w1. The first grounding conductor structure 3211
and the second grounding conductor structure 3212 are
both electrically connected to the ground conductor por-
tion 31 and adjacent to the first edge 311. Afirst coupling
distance d1 is formed between the first grounding con-
ductor structure 3211 and the second grounding conduc-
tor structure 3212 such that the first no-ground radiating
area 321 has a first breach 3213. The first grounding
conductor structure 3211 is located on the back surface
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of the substrate 34, and the second grounding conductor
structure 3212 is located on the front surface of the sub-
strate 34. The second grounding conductor structure
3212 is electrically connected to the ground conductor
portion 31 through a via-hole conducting structure 32121.
The first feeding conductor portion 322 has a first cou-
pling conductor structure 3221 and a first signal feeding
conductor line 3222. The first coupling conductor struc-
ture 3221 is located in the first no-ground radiating area
321, the first coupling conductor structure 3221 is elec-
trically coupled to or connected to a first signal source
3223 through the first signal feeding conductor line 3222,
and the first signal source 3223 excites the first antenna
32 to generate at least one first resonant mode 35 (as
shown in Fig. 3B). The second antenna 33 comprises a
second no-ground radiating area 331 and a second feed-
ing conductor portion 332. The second no-ground radi-
ating area 331 is formed and surrounded by a third
grounding conductor structure 3311, a fourth grounding
conductor structure 3312 and the second edge 312. The
width of the second edge 312 is w2. The third grounding
conductor structure 3311 and the fourth grounding con-
ductor structure 3312 are both electrically connected to
the ground conductor portion 31 and adjacent to the sec-
ond edge 312. A second coupling distance d2 is formed
between the third grounding conductor structure 3311
and the fourth grounding conductor structure 3312 such
that the second no-ground radiating area 331 has a sec-
ond breach 3313. The third grounding conductor struc-
ture 3311 and the fourth grounding conductor structure
3312 are both located on the front surface of the substrate
34, the third grounding conductor structure 3311 is elec-
trically connected to the ground conductor portion 31
through a via-hole conductng structure 33111, and the
fourth grounding conductor structure 3312 is electrically
connected to the ground conductor portion 31 through a
via-hole conducting structure 33121. The second feeding
conductor portion 332 has a second coupling conductor
structure 3321 and a second signal feeding conductor
line 3322. The second coupling conductor structure 3321
is located in the second no-ground radiating area 331.
The second coupling conductor structure 3321 is electri-
cally coupled to or connected to a second signal source
3323 through the second signal feeding conductor line
3322. The second signal source 3323 excites the second
antenna 33 to generate at least one second resonant
mode 36 (as shown in Fig. 3B), and the first and second
resonant modes 35, 36 cover at least one common com-
munication system band.

[0018] The first antenna 32 and the second antenna
33 of the antenna array 3 is designed to have specific
grounding conductor structures to form the first no-
ground radiating area 321 and the second no-ground ra-
diating area 331, and to effectively excite the first no-
ground radiating area 321 and the second no-ground ra-
diating area 331 to generate radiating energy by design-
ing the first feeding conductor portion 322 and the second
feeding conductor portion 232. In this way, the excited
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current is mainly constrained around the first no-ground
radiating area 321 and the second no-ground radiating
area 331. Thereby the correlation coefficient between
the first antenna 32 and the second antenna 33 could be
effectively reduced to enhance the antenna radiation ef-
ficiency. The first no-ground radiating area 321 and the
second no-ground radiating area 331 designed by the
antenna array 3 respectively have the first breach 3213
and the second breach 3313. The impedance matching
of resonant modes generated by the first antenna 32 and
the second antenna 33 could be improved by adjusting
the first coupling distance d1 and the second coupling
distance d2 and the areas of the first no-ground radiating
area 321 and the second no-ground radiating area 331.
The areas of the first no-ground radiating area 321 and
the second no-ground radiating area 331 are both less
than the square of 0.19 wavelength ((0.192)2) of the low-
est operating frequency of the atleast one common com-
munication system band covered by the first antenna 32
and the second antenna 33. The first coupling distance
d1 and the second coupling distance d2 are both less
than or equal to 0.059 wavelength of the lowest operating
frequency of the at least one common communication
system band covered by the first antenna 32 and the
second antenna 33.

[0019] The antenna array 3 adjusts the distance d3
between the center position of the first breach 3213 and
a center position of the second breach 3313 which could
effectively reduce the required width w1 and width w2 of
the first edge 311 and the second edge 312 and thereby
reduce the quality factor of the antenna array to enhance
the antenna radiation characteristics. The required width
w1 and width w2 of the first edge 311 and the second
edge 312 are both less than or equal to 0.21 wavelength
of the lowest operating frequency of the at least one com-
mon communication system band covered by the first
antenna 32 and the second antenna 33. In addition, the
antenna array 3 could guide the antenna radiation pattern
by adjusting the coupling distances d1 and d2 and ad-
justing the distance d3 between the center position of the
first breach 3213 and the center position of the second
breach 3313, and thereby reduce the energy coupling
level between the first antenna 32 and the second an-
tenna 33. The distance d3 between the center position
of the first breach 3213 and the center position of the
second breach 3313 is between 0.09 wavelength and
0.46 wavelength of the lowest operating frequency of the
at least one common communication system band cov-
ered by the first antenna 32 and the second antenna 33.
[0020] Compared to the antenna array 1, although the
antenna array 3 is formed on the substrate 34, and the
shapes of the grounding conductor structures and the
feeding conductor portions of the antenna array 3 are
different from the antenna array 1, the antenna array 3
still forms the first no-ground radiating area 321 and the
second no-ground radiating area 331 by designing spe-
cific grounding conductor structures. The antenna array
3 also respectively and effectively triggers the first no-
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ground radiating area 321 and the second no-ground ra-
diating area 331 to generate radiation energy by design-
ing the first feeding conductor portion 322 and the second
feeding conductor portion 332. The antenna array 3 also
improves the impedance matching of resonant modes
excited by the first antenna 32 and the second antenna
33 by adjusting the first coupling distance d1 and the
second coupling distance d2 and the areas of the first
no-ground radiating area 321 and the second no-ground
radiating area 331, the antenna array 3 also adjusts the
distance d3 between the center position of the firstbreach
3213 and the center position of the second breach 3313
to reduce the width w1 of the first edge 311 and the width
w2 of the second edge 312, and the antenna array 3 also
guides the antenna radiating patternto reduce the energy
coupling level between the first antenna 32 and the sec-
ond antenna 33. Therefore the antenna array 3 could
also achieve performances that are similar to those of
the first antenna array 1.

[0021] Fig. 3B shows a graph of measured return loss
of the antenna array 3 shown in Fig. 3A. The following
sizes and parameters were chosen for conducting ex-
periments: the thickness of the substrate 34 is about 1
mm; the area of the first no-ground radiating area 321 is
about 63 mm?2; the area of the second no-ground radiat-
ing area 331 is about 69 mm2; the first coupling distance
d1 is about 1.9 mm; the second coupling distance d2 is
about 1.6 mm; the width w1 of the first edge 311 is about
9 mm; the width w2 of the second edge 312 is about 9.8
mm; the distance d3 between the center position of the
first breach 3213 and the center position of the second
breach 3313 is about 23 mm. As shown in Fig. 3B, the
first antenna 32 generates a first resonant mode 35, and
the second antenna 33 generates a second resonant
mode 36. In the present embodiment, the first resonant
mode 35 and the second resonant mode 36 cover a com-
mon communication system band of 3.6 GHz. The lowest
operating frequency of the communication system band
of 3.6 GHz is 3.3 GHz. Fig. 3C shows a graph of meas-
ured radiation efficiency of the antenna array 3. As shown
in Fig. 3C, the values of a radiation efficiency curve 351
of the first resonant mode 35 generated by the first an-
tenna 32 are all higher than 50%, and the values of a
radiation efficiency curve 361 of the second resonant
mode 36 generated by the second antenna 36 are all
higher than 60%. Fig. 3D shows a graph of measured
envelope correlation coefficient (ECC) of the antenna ar-
ray 3. As shown in Fig. 3D, the values of an envelope
correlation coefficient curve 3233 of the first antenna 32
and the second antenna 33 are all less than 0.1.

[0022] The experimental data shown and the commu-
nication system band covered in Fig. 3B, Fig. 3C and Fig.
3D are only used to experimentally prove the technical
efficacy of the antenna array 3 of an embodiment of the
present disclosure in Fig. 3A, but not used to limit the
communication system bands, applications and stand-
ards covered by the antenna array of the present disclo-
sure in practical applications. The antenna array of the
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present disclosure could be designed to use in the com-
munication system bands of Wireless Wide Area Network
(WWAN) System, Long Term Evolution (LTE) System,
Wireless Personal Network (WLPN) System, Wireless
Local Area Network (WLAN) System, Near Field Com-
munication (NFC) System, Digital Television Broadcast-
ing System (DTV), Global Positioning System (GPS),
Multi-Input Multi-Output (MIMO) System, Pattern Switch-
able System, or Beam-Steering/Beam-Forming Antenna
System.

[0023] Fig. 4 shows a structural diagram of an antenna
array 4 according to an embodiment of the present dis-
closure. As shown in Fig. 4, the antenna array 4 is dis-
posed on a substrate 44 and comprises a ground con-
ductor portion 41, a first antenna 42, and a second an-
tenna 43. The substrate 44 could be a system circuit
board, a printed circuit board or a flexible printed circuit
board of a communication device. The ground conductor
portion 41 is located on the back surface of the substrate
44, and has at least one first edge 411 and a second
edge 412. The first antenna 42 comprises a first no-
ground radiating area 421 and a first feeding conductor
portion 422. The first no-ground radiating area 421 is
formed and surrounded by a first grounding conductor
structure 4211, a second grounding conductor structure
4212 and the first edge 411. The width of the first edge
411 is w1. The first grounding conductor structure 4211
and the second grounding conductor structure 4212 are
both electrically connected to the ground conductor por-
tion 41 and adjacent to the first edge 411. Afirst coupling
distance d1 is formed between the first grounding con-
ductor structure 4211 and the second grounding conduc-
tor structure 4212 such that the first no-ground radiating
area 421 has a first breach 4213. The first grounding
conductor structure 4211 and the second grounding con-
ductor structure 4212 are both located on the back sur-
face of the substrate 44, and the first feeding conductor
portion 422 is located on the front surface of the substrate
34. The first feeding conductor portion 422 has a first
coupling conductor structure 4221 and a first signal feed-
ing conductor line 4222. The first coupling conductor
structure 4221 is located in the first no-ground radiating
area 421, the first coupling conductor structure 4221 is
electrically coupled to or connected to afirst signal source
4223 through the first signal feeding conductor line 4222,
and the first signal source 4223 excites the first antenna
42 to generate at least one first resonant mode. The sec-
ond antenna 43 comprises a second no-ground radiating
area 431 and a second feeding conductor portion 432.
The second no-ground radiating area 431 is formed and
surrounded by a third grounding conductor structure
4311, a fourth grounding conductor structure 4312 and
the second edge 412. The width of the second edge 412
is w2. The third grounding conductor structure 4311 and
the fourth grounding conductor structure 4312 are both
electrically connected to the ground conductor portion 41
and adjacent to the second edge 412. A second coupling
distance d2 is formed between the third grounding con-
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ductor structure 4311 and the fourth grounding conductor
structure 4312 such that the second no-ground radiating
area 431 has a second breach 4313. The third grounding
conductor structure 4311 and the fourth grounding con-
ductor structure 4312 are both located on the back sur-
face of the substrate 44. The second feeding conductor
portion 432 is located on the front surface of the substrate
44, and has a second coupling conductor structure 4321
and a second signal feeding conductor line 4322. The
second coupling conductor structure 4321 is located in
the second no-ground radiating area 431. The second
coupling conductor structure 4321 is electrically coupled
to or connected to a second signal source 4323 through
the second signal feeding conductor line 4322. The sec-
ond signal source 4323 excites the second antenna 43
to generate at least one second resonant mode, and the
first and second resonant modes cover at least one com-
mon communication system band.

[0024] The first antenna 42 and the second antenna
43 of the antenna array 4 is designed to have specific
grounding conductor structures to form the first no-
ground radiating area 421 and the second no-ground ra-
diating area 431, and to effectively trigger the first no-
ground radiating area 421 and the second no-ground ra-
diating area 431 to generate radiating energy by design-
ing the first feeding conductor portion 422 and the second
feeding conductor portion 432. In this way, the triggered
current would be mainly constrained around the first no-
ground radiating area 421 and the second no-ground ra-
diating area 431. Thereby the envelope correlation coef-
ficient between the first antenna 42 and the second an-
tenna 43 could be effectively reduced to enhance the
antenna radiation efficiency. The first no-ground radiat-
ing area 421 and the second no-ground radiating area
431 designed by the antenna array 4 respectively have
the first breach 4213 and the second breach 4313. The
impedance matching level of resonant modes excited by
the first antenna 42 and the second antenna 43 could be
improved by adjusting the first coupling distance d1 and
the second coupling distance d2 and the areas of the first
no-ground radiating area 421 and the second no-ground
radiating area 431. The areas of the first no-ground ra-
diatingarea421 and the second no-ground radiating area
431 are both less than the square of 0.19 wavelength
((0.192)2) of the lowest operating frequency of the at least
one common communication system band covered by
the first antenna 42 and the second antenna 43. The first
coupling distance d1 and the second coupling distance
d2 are both less than or equal to 0.059 wavelength of the
lowest operating frequency of the at least one common
communication system band covered by the firstantenna
32 and the second antenna 33.

[0025] The antenna array 4 adjusts the distance d3
between the center position of the first breach 4213 and
the center position of the second breach 4313 which
could effectively reduce the required width w1 and width
w2 of the first edge 411 and the second edge 412 and
thereby reduce the quality factor of the antenna array to
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enhance the antenna radiation characteristics. The re-
quired width w1 and width w2 of the first edge 411 and
the second edge 412 are both less than or equal to 0.21
wavelength of the lowest operating frequency of at least
one common communication system band covered by
the first antenna 42 and the second antenna 43. In ad-
dition, the antenna array 4 could guide the antenna ra-
diating pattern by adjusting the coupling distances d1
and d2 and adjusting the distance d3 between the center
position of the first breach 4213 and the center position
of the second breach 4313, and thereby reduce the en-
ergy coupling level between the first antenna 42 and the
second antenna 43. The distance d3 between the center
position of the first breach 4213 and the center position
of the second breach 4313 is between 0.09 wavelength
and 0.46 wavelength of the lowest operating frequency
of the at least one common communication system band
covered by the first antenna 42 and the second antenna
43.

[0026] Compared to the antenna array 1, although the
antenna array 4 is formed on the substrate 44, and the
shapes of the grounding conductor structures and the
feeding conductor portions of the antenna array 4 are
different from those of the antenna array 1, the antenna
array 4 still forms the first no-ground radiating area 421
and the second no-ground radiating area 431 by design-
ing specific grounding conductor structures, and the an-
tenna array 4 also respectively and effectively excites
the first no-ground radiating area 421 and the second no-
ground radiating area 431 to generate radiating energy
by designing the first feeding conductor portion 422 and
the second feeding conductor portion 432. The antenna
array 4 also improves the impedance matching level of
resonant modes generated by the first antenna 42 and
the second antenna 43 by adjusting the first coupling
distance d1 and the second coupling distance d2 and the
areas of the first no-ground radiating area 421 and the
second no-ground radiating area 431, the antenna array
4 also adjusts the distance d3 between the center position
of the first breach 4213 and the center position of the
second breach 4313 to reduce the width w1 of the first
edge 411 and the width w2 of the second edge 412, and
the antenna array 4 also guides the antenna radiating
pattern to reduce the energy coupling level between the
first antenna 42 and the second antenna 43. Therefore
the antenna array 4 could achieve radiation performanc-
es that are similar to those of the first antenna array 1.
[0027] The antenna arrays of multiple exemplary em-
bodiments disclosed in the present disclosure could be
applied in various kinds of communication devices. For
example, a mobile communication device, a wireless
communication device, a mobile computation device, a
computer system, or communication equipment, network
equipment, a computer device, network peripheral equip-
ment, or computer peripheral equipment. In practical ap-
plications, embodiments of one or multiple antenna ar-
rays provided by the present disclosure could be simul-
taneously configured or implemented in the communica-
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tiondevice. Fig. 5A and Fig. 5B show a structural diagram
for simultaneously implementing two antenna arrays dis-
closed by the present disclosure in a communication de-
vice. Refer to Fig. 5A, in the present embodiment, a struc-
tural diagram for simultaneously implementing disclosed
antennaarray 1 and disclosed antenna array 2 into same
communication device is presented. Also refer to Fig. 5B,
in the present embodiment, a structural diagram for si-
multaneously implementing two antenna arrays 1 of the
present disclosure into same communication device is
presented. In addition, in Fig. 5B, a connecting conductor
line 55 is provided between the first signal source 1223
of the antenna array 1 at left side and the second signal
source 1323 of the other antenna array 1 at the right side.
A length of path 551 of the connecting conductor line 55
is between 1/5 wavelength and 1/2 wavelength of the
lowest operating frequency of the at least one common
communication system band covered by the firstantenna
12 and the second antenna 13. The connecting conduc-
tor line 55 is used to adjust impedance matching and
energy coupling between adjacent antenna arrays.

[0028] Fig. 6 shows a structural diagram of an antenna
array 6 according to an embodiment of the present dis-
closure. The main difference between the antenna array
6 and the antenna array 1 is that a matching circuit 60 is
provided between the first signal feeding conductor line
1222 and the first signal source 1223. The matching cir-
cuit 60 is used to adjust the impedance matching level
of a resonant mode generated by the first antenna 12.
Compared to the antenna array 1, although the antenna
array 6 is further configured the matching circuit 60, but
the antenna array 6 still could be designed to have spe-
cific grounding conductor structures form the first no-
ground radiating area 121 and the second no-ground ra-
diating area 131.The antenna array 6 also respectively
and effectively triggers the first no-ground radiating area
121 and the second no-ground radiating area 131 to gen-
erate radiating energy by designing the first feeding con-
ductor portion 122 and the second feeding conductor por-
tion 132, the antenna array 6 also improves the imped-
ance matching of resonant modes tgenerated by the first
antenna 12 and the second antenna 13 by adjusting the
first coupling distance d1 and the second coupling dis-
tance d2 and the areas of the first no-ground radiating
area 121 and the second no-ground radiating area 131,
the antenna array 6 also adjusts the distance d3 between
the center position of the first breach 1213 and the center
position of the second breach 1313 to reduce the width
w1 of the first edge 111 and the width w2 of the second
edge 112, and the antenna array 6 also guides the an-
tenna radiating pattern to reduce the energy coupling lev-
el between the first antenna 12 and the second antenna
13. Therefore the antenna array 6 could also achieve
radiation characteristics that are similar to those of the
first antenna array 1. Switching circuits, filter circuits,
diplexer circuits, or circuits, elements, chips or modules
consisting of capacitors, inductors, resistors and a trans-
mission line could also be provided between the first sig-
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nal feeding conductor line 1222 and the first signal source
1223 or provided between the second signal feeding con-
ductor line 1322 and the second signal source 1323 and
achieve similar antenna performance with the first anten-
na array 1.

[0029] Fig. 7 shows a structural diagram of an antenna
array 7 according to an embodiment of the present dis-
closure. The main difference between the antenna array
7 and the antenna array 1 is that a coupling conductor
line 75 is provided between the first antenna 12 and the
second antenna 13. A first coupling slit 752 is provided
between the coupling conductor line 75 and the first an-
tenna 12, and a second coupling slit 753 is provided be-
tween the coupling conductor line 75 and the second
antenna 13. Alength of path 751 of the coupling conduc-
torline 75 is between 1/3 wavelength and 3/4 wavelength
of the lowest operating frequency of the at least one com-
mon communication system band covered by the first
antenna 12 and the second antenna 13. The gap width
of the first coupling slit 752 and the gap width of the sec-
ond coupling slit 753 are both less than or equal to 0.063
wavelength of the lowest operating frequency of the at
least one common communication system band covered
by the first antenna 12 and the second antenna 13. The
coupling conductor line 75 could be used to adjust the
impedance matching and envelope correlation coeffi-
cient between the first antenna 12 and the second an-
tenna 13.

[0030] Compared to the antenna array 1, although the
antenna array 7 is further configured the coupling con-
ductor line 75, but the antenna array 7 still could be de-
signed to have specific grounding conductor structures
to form the first no-ground radiating area 121 and the
second no-ground radiating area 131.The antenna array
7 also respectively and effectively triggers the first no-
ground radiating area 121 and the second no-ground ra-
diating area 131 to generate radiating energy by design-
ing thefirst feeding conductor portion 122 and the second
feeding conductor portion 132, the antenna array 7 also
improves the impedance matching of resonant modes
excited by the first antenna 12 and the second antenna
13 by adjusting the first coupling distance d1 and the
second coupling distance d2 and the areas of the first
no-ground radiating area 121 and the second no-ground
radiating area 131, the antenna array 7 also adjusts the
distance d3 between the center position of the firstbreach
1213 and the center position of the second breach 1313
to reduce the width w1 of the first edge 111 and the width
w2 of the second edge 112, and the antenna array 7 also
guides the antennaradiating pattern to reduce the energy
coupling level between the first antenna 12 and the sec-
ond antenna 13. Therefore the antenna array 7 could
also achieve antenna performances that are similar to
those of the first antenna array 1.

[0031] Fig. 8A shows a structural diagram of an anten-
na array 8 according to an embodiment of the present
disclosure. As shown in Fig. 8A, the antenna array 8 is
disposed on a substrate 84 and comprises a ground con-
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ductor portion 81, a first antenna 82, and a second an-
tenna 83. The substrate 84 could be a system circuit
board, a printed circuit board or a flexible printed circuit
board of a communication device. The ground conductor
portion 81 is located on the back surface of the substrate
84, and has at least one first edge 811 and a second
edge 812. The first antenna 82 comprises a first no-
ground radiating area 821 and a first feeding conductor
portion 822. The first no-ground radiating area 821 is
formed and surrounded by a first grounding conductor
structure 8211, a second grounding conductor structure
8212 and the first edge 811. The width of the first edge
811 is w1. The first grounding conductor structure 8211
and the second grounding conductor structure 8212 are
both electrically connected to the ground conductor por-
tion 81 and adjacent to the first edge 811. A first coupling
distance d1 is formed between the first grounding con-
ductor structure 8211 and the second grounding conduc-
tor structure 8212 such that the first no-ground radiating
area 821 has a first breach 8213. The first grounding
conductor structure 8211 and the second grounding con-
ductor structure 8212 are both located on the back sur-
face of the substrate 84, and the first feeding conductor
portion 822 is located on the front surface of the substrate
84. The first feeding conductor portion 822 has a first
coupling conductor structure 8221 and a first signal feed-
ing conductor line 8222. The first coupling conductor
structure 8221 is located in the first no-ground radiating
area 821, the first coupling conductor structure 8221 is
electrically coupled to or connected to afirst signal source
8223 through the first signal feeding conductor line 8222,
and the first signal source 8223 excites the first antenna
82 to generate at least one first resonant mode. The sec-
ond antenna 83 comprises a second no-ground radiating
area 831 and a second feeding conductor portion 832.
The second no-ground radiating area 831 is formed and
surrounded by a third grounding conductor structure
8311, a fourth grounding conductor structure 8312 and
the second edge 812. The width of the second edge 812
is w2. The third grounding conductor structure 8311 and
the fourth grounding conductor structure 8312 are both
electrically connected to the ground conductor portion 81
and adjacent to the second edge 812. A second coupling
distance d2 is formed between the third grounding con-
ductor structure 8311 and the fourth grounding conductor
structure 8312 such that the second no-ground radiating
area 831 has a second breach 8313. The third grounding
conductor structure 8311 and the fourth grounding con-
ductor structure 8312 are both located on the back sur-
face of the substrate 84. The second feeding conductor
portion 832 is located on the front surface of the substrate
84, and has a second coupling conductor structure 8321
and a second signal feeding conductor line 8322. The
second coupling conductor structure 8321 is located in
the second no-ground radiating area 831. The second
coupling conductor structure 8321 is electrically coupled
to or connected to a second signal source 8323 through
the second signal feeding conductor line 8322. The sec-
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ond signal source 8323 excites the second antenna 83
to generate at least one second resonant mode, and the
first and second resonant modes cover at least one com-
mon communication system band. As shown in Fig. 8A,
a coupling conductor line 85 is configured between the
first antenna 82 and the second antenna 83, and the cou-
pling conductor line 85 is located on the front surface of
the substrate 84. A first coupling slit 852 and a second
coupling slit 853 are respectively provided between the
coupling conductor line 85 and the first antenna 82 and
between the coupling conductor line 85 and the second
antenna 83. A length of path 851 of the coupling conduc-
torline 85 is between 1/3 wavelength and 3/4 wavelength
of the lowest operating frequency of the at least one com-
mon communication system band covered by the first
antenna 82 and the second antenna 83. The gap width
of the first coupling slit 852 and the gap width of the sec-
ond coupling slit 853 are both less than or equal to 0.063
wavelength of the lowest operating frequency of the at
least one common communication system band covered
by the first antenna 82 and the second antenna 83. The
coupling conductor line 85 could be used to adjust the
impedance matching and envelope correlation coeffi-
cient between the first antenna 82 and the second an-
tenna 83.

[0032] The first antenna 82 and the second antenna
83 of the antenna array 8 is designed to have specific
grounding conductor structures to form the first no-
ground radiating area 821 and the second no-ground ra-
diating area 831, and to effectively trigger the first no-
ground radiating area 821 and the second no-ground ra-
diating area 831 to generate radiating energy by de-
signed the first feeding conductor portion 822 and the
second feeding conductor portion 832. In this way, the
excited current would be mainly constrained around the
first no-ground radiating area 821 and the second no-
ground radiating area 831. Thereby the envelope corre-
lation coefficient between the first antenna 82 and the
second antenna 83 could be effectively reduced to en-
hance the antenna radiation efficiency. The first no-
ground radiating area 821 and the second no-ground ra-
diating area 831 designed by the antenna array 8 respec-
tively have the first breach 8213 and the second breach
8313. The impedance matching of resonant modes gen-
erated by the first antenna 82 and the second antenna
83 could be improved by adjusting the first coupling dis-
tance d1 and the second coupling distance d2 and the
areas of the first no-ground radiating area 821 and the
second no-ground radiating area 831. The areas of the
first no-ground radiating area 821 and the second no-
ground radiating area 831 are both less than the square
of 0.19 wavelength ((0.191)2) of the lowest operating fre-
quency of the at least one common communication sys-
tem band covered by the first antenna 82 and the second
antenna 83. The first coupling distance d1 and the second
coupling distance d2 are both less than or equal to 0.059
wavelength of the lowest operating frequency of the at
least one common communication system band covered
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by the first antenna 82 and the second antenna 83.
[0033] The antenna array 8 adjusts the distance d3
between the center position of the first breach 8213 and
the center position of the second breach 8313 which can
effectively reduce the required width w1 and width w2 of
the first edge 411 and the second edge 812 and thereby
reduce the quality factor of the antenna array to enhance
the antenna radiation characteristics. The required width
w1 and width w2 of the first edge 811 and the second
edge 812 are both less than or equal to 0.21 wavelength
of the lowest operating frequency of the atleast one com-
mon communication system band covered by the first
antenna 82 and the second antenna 83. In addition, the
antennaarray 8 could guide the antenna radiating pattern
by adjusting the coupling distances d1 and d2 and ad-
justing the distance d3 between the center position of the
first breach 8213 and the center position of the second
breach 8313, and thereby reduce the energy coupling
level between the first antenna 82 and the second an-
tenna 83. The distance d3 between the center position
of the first breach 8213 and the center position of the
second breach 8313 is between 0.09 wavelength and
0.46 wavelength of the lowest operating frequency of the
at least one common communication system band cov-
ered by the first antenna 82 and the second antenna 83.
[0034] Compared to the antenna array 1, although the
antenna array 8 is formed on the substrate 84, and the
shapes of the grounding conductor structures and the
feeding conductor portions of the antenna array 8 are
different from the antenna array 1, and a coupling con-
ductor line 85 is configured between the first antenna 82
and the second antenna 83, the antenna array 8 still
forms the first no-ground radiating area 821 and the sec-
ond no-ground radiating area 831 by designing specific
grounding conductor structures. The antenna array 8 al-
sorespectively and effectively triggers the first no-ground
radiating area 821 and the second no-ground radiating
area 831 to generate radiation energy by designing the
first feeding conductor portion 822 and the second feed-
ing conductor portion 832. The antenna array 8 also im-
proves the impedance matching of resonant modes trig-
gered by the first antenna 82 and the second antenna 83
by adjusting the first coupling distance d1 and the second
coupling distance d2 and the areas of the first no-ground
radiating area 821 and the second no-ground radiating
area 831. The antenna array 8 also adjusts the distance
d3 between the center position of the first breach 8213
and the center position of the second breach 8313 to
reduce the width w1 of the first edge 811 and the width
w2 of the second edge 812. The antenna array 8 also
guides the antenna radiation patternto reduce the energy
coupling between the first antenna 82 and the second
antenna 83. Therefore the antenna array 8 could also
achieve radiation performances that are similar to those
of the first antenna array 1.

[0035] Fig. 8B shows a graph of measured return loss
of the antenna array 8 shown in Fig. 8A. The following
sizes and parameters were chosen for conducting ex-
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periments: the thickness of the substrate 84 is about 0.8
mm; the area of the first no-ground radiating area 821 is
about 59 mm?2; the area of the second no-ground radiat-
ing area 831 is about 69 mm?2; the first coupling distance
d1 is about 1.6 mm; the second coupling distance d2 is
about 1.3 mm; the width w1 of the first edge 811 is about
11 mm; the width w2 of the second edge 812 is about 13
mm; the distance d3 between the center position of the
first breach 8213 and the center position of the second
breach 8313 is about 29 mm. The length of path 851 of
the coupling conductor line 85 is about 23 mm. Both the
gap width of the first coupling slit 852 and the gap width
of the second coupling slit 853 are about 0.8 mm. As
shown in Fig. 8B, the first antenna 82 generates a first
resonant mode 85, and the second antenna 83 generates
a second resonant mode 86. In the present embodiment,
thefirstresonantmode 85 and the second resonantmode
86 cover a common communication system band of 3.5
GHz. The lowest operating frequency of the communi-
cation system band 3.5 GHz is 3.3 GHz.

[0036] Fig. 8C shows a graph of measured radiation
efficiency of the antenna array 8. As shown in Fig. 8C,
the values of a radiation efficiency curve 851 of the first
resonant mode 85 generated by the first antenna 82 are
all higher than 53%, and the values of a radiation effi-
ciency curve 861 of the second resonant mode 86 gen-
erated by the second antenna 86 are all higher than 63%.
Fig. 8D shows a graph of measured envelope correlation
coefficient (ECC) of the antenna array 8. As shown in
Fig. 8D, the values of an envelope correlation coefficient
curve 8233 of the first antenna 82 and the second anten-
na 83 are all less than 0.1.

[0037] The experimental data shown and the commu-
nication system band covered in Fig. 8B, Fig. 8C and Fig.
8D are only used to experimentally prove the technical
efficacy of the antenna array 8 of an embodiment of the
present disclosure in Fig. 8A, but not used to limit the
communication system bands, applications and stand-
ards covered by the antenna array of the present disclo-
sure in practical applications. The antenna array of the
present disclosure could be designed to use in the com-
munication system bands of Wireless Wide Area Network
(WWAN) System, Long Term Evolution (LTE) System,
Wireless Personal Network (WLPN) System, Wireless
Local Area Network (WLAN) System, Near Field Com-
munication (NFC) System, Digital Television Broadcast-
ing System (DTV) System, Global Positioning System
(GPS), Multi-Input Multi-Output (MIMO) System, Pattern
Switchable Antenna System, or Beam-Steering/Beam-
Forming Antenna System.

[0038] The antenna arrays of multiple exemplary em-
bodiments disclosed in the present disclosure could be
applied in various kinds of communication devices. For
example, a mobile communication device, a wireless
communication device, a mobile computation device, a
computer system, or communication equipment, network
equipment, a computer device, network peripheral equip-
ment, or computer peripheral equipment. In practical ap-
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plications, embodiments of one or multiple antenna ar-
rays provided by the present disclosure could be simul-
taneously configured or implemented in the communica-
tion devices. Fig. 9 shows a structural diagram for simul-
taneously implementing two antenna arrays of the
present disclosure in a communication device. Refer to
Fig. 9, in the present embodiment, a structural diagram
for simultaneously implementing two disclosed antenna
arrays 7 is presented. In addition, in Fig. 9, a connecting
conductor line 99 is provided between the first signal
source 1223 of the antenna array 7 and the second signal
source 1323 of the other antenna array 7. A length of the
path 991 of the connecting conductor line 99 is between
1/5 wavelength and 1/2 wavelength of the lowest oper-
ating frequency of the at least one common communica-
tion system band covered by the first antenna 12 and the
second antenna 13, and the connecting conductor line
99 has an chip inductor 992. The connecting conductor
line 99 and the chip inductor 992 are used to adjust im-
pedance matching and energy coupling between adja-
cent antenna arrays. The connecting conductor line 99
also could be configured to have a chip capacitor. Al-
though the embodiment of Fig. 9 configures two antenna
arrays 7 in one communication device, but each antenna
array 7 still could be designed to have specific grounding
conductor structures to form the first no-ground radiating
area 121 and the second no-ground radiating area 131.
Each antenna array 7 also respectively and effectively
triggers the first no-ground radiating area 121 and the
second no-ground radiating area 131 to generate radiat-
ing energy by designing the first feeding conductor por-
tion 122 and the second feeding conductor portion 132.
Each antenna array 7 also improves the impedance
matching of resonant modes generated by the first an-
tenna 12 and the second antenna 13 by adjusting the
first coupling distance d1 and the second coupling dis-
tance d2 and the areas of the first no-ground radiating
area 121 and the second no-ground radiating area 131.
Each antenna array 7 also adjusts the distance d3 be-
tween the center position of the first breach 1213 and the
center position of the second breach 1313 to reduce the
width w1 of the first edge 111 and the width w2 of the
second edge 112, and each antenna array 7 also guides
the antenna radiating pattern to reduce the energy cou-
pling between the first antenna 12 and the second an-
tenna 13. Therefore each of the two antenna arrays 7 of
Fig. 9 could also achieve antenna performances that are
similar to those of the first antenna array 1.

[0039] From the foregoing, the antennas of the anten-
na array of the embodiments of the present disclosure is
designed to have specific grounding conductor struc-
tures to form no-ground radiating areas, and to effectively
trigger the no-ground radiating areas to generate radiat-
ing energy by designing a feeding conductor portion. In
this way, the excited current would be mainly constrained
around the no-ground radiating area. Thereby the corre-
lation coefficient between multiple antennas could be ef-
fectively reduced. The no-ground radiating area of the
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present disclosure is designed to have a breach. The
impedance matching of resonant modes generated by
the antennas could be improved by adjusting the coupling
distance of the breach and the area of the no-ground
radiating areas. In addition, adjusting the coupling dis-
tance of the breach and adjusting the distances between
the breach and the breaches of other adjacent no-ground
radiating areas could guide the antenna radiation pattern
and thereby reduce the energy coupling between the an-
tenna and adjacent antennas. Adjusting the distance be-
tween breaches of adjacent no-ground radiating areas
could effectively reduce the required width of the no-
ground radiating area and thereby reduce the quality fac-
tor of the antenna array to enhance the antenna radiation
characteristics.

Claims
1. An antenna array, comprising:

a ground conductor portion 11 having at least
one first edge 111 and a second edge 112;
a first antenna 12, comprising:

a first no-ground radiating area 121 formed
and surrounded by a first grounding con-
ductor structure 1211, a second grounding
conductor structure 1212, and the first edge
111, wherein the first grounding conductor
structure 1211 and the second grounding
conductor structure 1212 are electrically
connected to the ground conductor portion
11 and adjacent to the first edge 111, and
wherein a first coupling distance d1 is
formed between the first grounding conduc-
tor structure 1211 and the second ground-
ing conductor structure 1212 such that the
first no-ground radiating area 121 has a first
breach 1213; and

a first feeding conductor portion 122 having
a first coupling conductor structure 1221
and a first signal feeding conductor line
1222, wherein the first coupling conductor
structure 1221 is located in the first no-
ground radiating area 121, the first coupling
conductor structure 1221 is electrically cou-
pled to or connected to a first signal source
1223 through the first signal feeding con-
ductor line 1222, and the first signal source
1223 excites the first antenna 12 to gener-
ate at least one first resonant mode; and

a second antenna 13, comprising:
a second no-ground radiating area 131

formed and surrounded by a third grounding
conductor structure 1311, a fourth ground-
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ing conductor structure 1312, and the sec-
ond edge 112, wherein the third grounding
conductor structure 1311 and the fourth
grounding conductor structure 1312 are
electrically connected to the ground con-
ductor portion 11 and adjacent to the sec-
ond edge 112, and wherein a second cou-
pling distance d2 is formed between the
third grounding conductor structure 1311
and the fourth grounding conductor struc-
ture 1312 such that the second no-ground
radiating area 131 has a second breach
1313; and

a second feeding conductor portion 132
having a second coupling conductor struc-
ture 1321 and a second signal feeding con-
ductor line 1322, wherein the second cou-
pling conductor structure 1321 is located in
the second no-ground radiating area 131,
the second coupling conductor structure
1321 is electrically coupled to or connected
to a second signal source 1323 through the
second signal feeding conductor line 1322,
the second signal source 1323 excites the
second antenna 13 to generate at least one
second resonant mode, and the first reso-
nant mode and the second resonant mode
cover at least one common communication
system band.

The antenna array as claimed in claim 1, wherein
the area of the first no-ground radiating area 121 and
the area of the second no-ground radiating area 131
are both less than a square of 0.19 wavelength of a
lowest operating frequency of the at least one com-
mon communication system band covered by the
first antenna 12 and the second antenna 13.

The antenna array as claimed in claim 1, wherein
the first coupling distance d1 and the second cou-
pling distance d2 are both less than or equal to 0.059
wavelength of the lowest operating frequency of a
at least one common communication system band
covered by the first antenna 12 and the second an-
tenna 13.

The antenna array as claimed in claim 1, wherein a
width of the first edge 111 and a width of the second
edge 112 are both less than or equal to 0.21 wave-
length of the lowest operating frequency of a at least
one common communication system band covered
by the first antenna 12 and the second antenna 13.

The antenna array as claimed in claim 1, wherein a
distance between a center position of the first breach
1213 and a center position of the second breach
1313 is between 0.09 wavelength and 0.46 wave-
length of a lowest operating frequency of the at least
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one common communication system band covered
by the first antenna 12 and the second antenna 13.

The antenna array as claimed in claim 1, wherein
the antenna array is provided on a substrate, and
the substrate is a system circuit board, a printed cir-
cuit board or a flexible printed circuit board of a com-
munication device.

The antenna array as claimed in claim 1, wherein
one or a plurality of the antenna arrays are imple-
mented in acommunication device, and the commu-
nication device is a mobile communication device, a
wireless communication device, a mobile computa-
tion device, a computer system, communication
equipment, network equipment, a computer device,
network peripheral equipment, or computer periph-
eral equipment.

The antenna array as claimed in claim 7, further com-
prising a connecting conductor line 55 connected be-
tween signal sources of a plurality of the antenna
arrays, wherein a length of the connecting conductor
line 55 is between 1/5 wavelength and 1/2 wave-
length of a lowest operating frequency of the at least
one common communication system band covered
by the first antenna 12 and the second antenna 13.

The antenna array as claimed in claim 8, wherein
the connecting conductor line 55 comprises a capac-
itor or an inductor element or structure.

The antenna array as claimed in claim 1, further com-
prising matching circuits, switching circuits, filter cir-
cuits, diplexer circuits, or circuits, elements, chips or
modules consisting of capacitors, inductors, resis-
tors and a transmission line provided between the
first signal feeding conductor line 1222 and the first
signal source 1223, or provided between the second
signal feeding conductor line 1322 and the second
signal source 1323.

The antenna array as claimed in claim 1, wherein a
coupling conductor line 75 is provided between the
first antenna 12 and the second antenna 13,
wherein a first coupling slit 752 is provided between
the coupling conductor line 75 and the first antenna
12, and

wherein a second coupling slit 753 is provided be-
tween the coupling conductor line 75 and the second
antenna 13.

The antenna array as claimed in claim 11, wherein
a gap width of the first coupling slit 752 and a gap
width of the second coupling slit 753are both less
than or equal to 0.063 wavelength of a lowest oper-
ating frequency of the at least one common commu-
nication system band covered by the first antenna
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12 and the second antenna 13.

The antenna array as claimed in claim 12, wherein
a length of the coupling conductor line 75 is between
1/3 wavelength and 3/4 wavelength of the lowest op-
erating frequency of the at least one common com-
munication system band covered by the firstantenna
12 and the second antenna 13.
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